Supplementary Figure S1 . Experimental setup. (a) Schematic view of the experimental system. (b) The packing fraction (ϕ) is independent of the depth, with a constant value of 0.811 ± 0.149 calculated over a rectangular cell of 12 cm × 12 cm. (c) Angle of repose of the particles in 2D obtained after emptying the material through an opening at the bottom of the cell. The found value is 29.67
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Supplementary Figure S1 . Experimental setup. (a) Schematic view of the experimental system. (b) The packing fraction (ϕ) is independent of the depth, with a constant value of 0.811 ± 0.149 calculated over a rectangular cell of 12 cm × 12 cm. (c) Angle of repose of the particles in 2D obtained after emptying the material through an opening at the bottom of the cell. The found value is 29.67
• ± 1.63
• which is a bit higher than the value of 25.68
• ± 1.01
• for the same material in bulk. (d) Deformation of the beads ∆R of four polystyrene spheres being pressed by a mass M . The dotted line corresponds to the elastic limit. Clearly, for the intruders used in the experiment (less than 20 g) the deformation is negligible ( ∆R/R <0.01 for masses <50 g).
Supplementary Figure S2 . Dynamics of an intruder impacting a low density granular medium. (c) Z vs t for two spheres (m 1 = 52.4 g and m 2 = 35.2 g and diameter of 4 cm) falling in a 3D system (silo). To follow the spheres, we attached to them light threads with 1 mm width lines marked every centimetre. By filming these marks with a high speed camera, as the spheres penetrate in the silo, we obtain their trajectories. As in the 2D case, the intruders reach approximately the same final depth. (d) Penetration of two intruders with different diameters (d 1 = 2.54 cm and d 2 = 1.02 cm). They reach the same final depth but note that the centre of mass is displaced to the left, towards the heavier intruder, see the yellow vertical line. The small intruder penetrates more distance dragged by the large one (and vice versa, the large one penetrates less distance stopped by the small one).
Supplementary Figure S6 . Solid-fluid interface formation. A group of intruders penetrate the medium embedded in the fluidization zone produced by the group altogether. But in doing so, the drag is not uniform and cooperation appears (i.e. each one of the intruders sees the whole system where the intruders are part of it). The fluidization zone soon levels off producing a horizontal solid-fluid interface, where the intruders come to rest an instant before it disappears. The zones were obtained by subtracting two consecutive frames for different times during the penetration.
SUPPLEMENTARY TABLES.
Polystyrene parameters Friction coefficient (µ s ): -Polystyrene-polystyrene 0.48 -Polystyrene-steel 0.3 -0.35 Density ρ (g/cm 3 ) 0.014 ± 0.002 Restitution coefficient (ǫ): -Polystyrene-polystyrene 0.72 -Polystyrene-steel 0.77 Supplementary Table S1 . Parameters of the expanded polystyrene particles used in our experiments.
